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Introduction
Kaposi sarcoma (KS), a cancer of endothelial cells, is etiologically linked to human herpesvirus 8 (HHV-8) [1] , and highly associated with immunosuppression. In the U.S., the primary types of KS are: Classic KS, which primarily affects individuals over the age of 70 [2] , post-transplant KS [3] , and epidemic, or HIV-associated KS. Individuals with advanced HIV disease have a risk of KS that is several thousand times the risk of the general population [4] , leading to a global increase in the incidence of KS over the past 30 years [1, 5] . In particular, in parallel with the United States (U.S.) HIV epidemic, the incidence of KS in the U.S. peaked in the late 1980s at an age-standardized incidence rate of 33.3 per 100 000 person-years, and subsequently decreased in the late 1990s with the increased availability of combination antiretroviral therapy (ART) [6] .
Although KS incidence has decreased in the U.S., AIDS-associated KS incidence in the U.S. varies by HIV geography and socioeconomic status [7] . For example, data from the International Collaboration on HIV and Cancer showed higher age-adjusted incidence rates for both HIV-related and classic KS in U.S. metropolitan areas than in rural areas [5] . More recently, a Surveillance, Epidemiology, and End Results (SEER) study analyzing the incidence of all cancers in the U.S. from 2005 through 2009 showed that KS incidence was positively associated with geographic areas of higher poverty [8] . However, there have been no studies evaluating the impact of race and geographic region on recent trends in likely AIDS-associated KS incidence.
Although African Americans (AA) comprised only 12% of the total U.S. population, they accounted for 50% of new HIV diagnoses in 2014 [9] . Recently, southern states have lagged behind the rest of the U.S. in HIV testing and access to treatment [10] . Furthermore, death rates among people living with HIV vary geographically between states from 7.9 per 1000 HIV positive individuals in Vermont to as high as 30.8 per 1000 HIV positive individuals in Louisiana [10] . Thus, despite the nationwide progress seen in HIV care, disparities in access to HIV and other health care services between southern U.S. states and the rest of the country may impact the incidence and outcomes of KS.
To evaluate the potential effects of these regional and racial disparities on trends in KS incidence and mortality, we used SEER data to evaluate changes in the incidence and survival of people diagnosed with KS in the U.S. during the ART era.
Materials and methods

Data sources and patients
The SEER Program is considered the quality standard among worldwide cancer registries and is the only registry in the U.S. that tracks population-based staging and stage-dependent cancer survival data [11] . Though the SEER database has a higher population of foreign-born individuals than the U.S. population in general, it is similar to the general U.S. population with respect to poverty and education levels [8] . It includes approximately 28% of the U.S. population: 25% of whites, 26% of AAs, 38% of Hispanics, 44% of American Indians and Alaska Natives, 50% of Asians, and 66% of Hawaiian/Pacific Islanders [12] . SEER provides data on date of diagnosis, patient demographics, follow-up time, cause-specific and overall mortality, and has an estimated report completeness of >97% [13] .
KS incidence and survival data for men diagnosed between 2000 and 2013 were obtained from 17 population-based cancer registries that participate in SEER [11] . We excluded the Louisiana registry because Hurricane Katrina significantly disrupted the reporting of data in that registry in 2005. Incidence and survival were compared between geographic regions as defined by the U.S. Census (South, West, Midwest, and Northeast) and by race. The South was defined as Atlanta, Rural Georgia, Greater Georgia, and Kentucky; the West included Hawaii, Alaska, Greater California, Los Angeles, San Jose-Monterey, San Francisco-Oakland, Seattle-Puget Sound, Utah, and New Mexico; the Northeast included Connecticut and New Jersey; and the Midwest included Detroit and Iowa.
Classification of AIDS-associated Kaposi sarcoma
Because the SEER registry does not include HIV status or medication administration records, we estimated AIDS-related KS based on previously used methods [5, 14, 15] . Shiels et al found that while 81.6% of all KS cases in the U.S. were related to AIDS, over 94% of cases in individuals under the age of 60 had AIDS [16] . Additionally, 91% of KS cases in men and 100% of cases in women older than 55 years were due to classic, non-AIDS related KS [15] . Thus, we first evaluated crude incidence rates by age groups at time of diagnosis (20-29, 30-39, 40-54, and 55+). Subsequently, we then limited our analysis to men under 55 as those 55 years or older because this group was more likely to have classic, non-AIDS related, KS [16] . Women were also excluded because of the low numbers of cases in certain geographic subgroups. 
Study population
From SEER data, we abstracted only men diagnosed with incident KS. The time-period for KS diagnosis was from January 1, 2000 with all follow-up ending December 31, 2013. For follow-up calculations, we restricted our analysis to individuals whose KS diagnosis was either their only or first of multiple primary in-situ or malignant lifetime diagnosis, based on federally required annual reporting. For survival-specific analyses, we also excluded KS patients whose initial diagnosis was found either on death certificate (n = 13), at autopsy (n = 16), patients who were not under active follow-up (n = 29), or patients who had no or unknown microscopic confirmation of their cancer or death certificate only (n = 664). Patients with unknown or missing cause of death also were excluded from survival estimates (<1% of all KS diagnosis).
Statistical analysis
Race information on incident KS patients was derived and grouped into white, African American, and other patients comprising Asians, American Indians/Alaska Natives, and Pacific Islanders. Age was recorded at KS diagnosis, age-standardized incidence rates, rate ratios and 95% confidence intervals were calculated by geographic region, race and age group. Demographics were summarized and plotted to compare trends descriptively using joinpoint regression analysis [17] . The joinpoint regression model fits a series of joined straight lines on a log scale to trends from age-adjusted rates based on the 2000 U.S. Census population. The magnitude of these trends from changing time-periods are described by the change in annual percent change (APC), which is the slope of this line segment (p<0.05) [18] . We compared KS incidence in age groups (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) 30 -39, 40-54, and 55+), and after excluding men 55+, then calculated age-adjusted trends in KS incidence using the magnitude of change in the APC for KS incidence from 2000-2013 based on region, race, and these combinations. Each joinpoint indicated if there was a statistically significant change in the magnitude of the trend (APC) [18] . Joinpoint regression analyses were performed using statistical software from the United States National Cancer In the survival analyses, we calculated endpoints defined with overall mortality, and SEERcancer specific survival (CSS). CSS is part of the SEER cause-specific death classification variable algorithm that considers cause of death in combination with the tumor sequence, first malignant diagnosis, and comorbidities, including AIDS, to capture deaths attributable to a specific cancer diagnosis [19] . Because KS is more likely to occur in HIV infected individuals, CSS may more accurately reflect the attributable mortality [19] [20] [21] . Survival curves for those incident KS diagnoses included in the survival analyses used month and year of death to construct and visualize differences for overall and CSS in men by race and then race and region using log-rank tests to detect significant group differences (p<0.05). Five-year survival differences for all groups were also calculated using actuarial methods. Multivariable Cox proportional hazards regression models were used to calculate adjusted hazard ratios (aHR) and 95% confidence intervals (CI) for mortality (overall and CSS). Multivariable models included: race (white, black, other), geographic region (West, South, Northeast, Midwest), marital status (single; married or domestic partner; divorced, widowed, or separated), and year of diagnosis (2000-2013) with the largest category in each group as the reference. Age of diagnosis, and census tract level income were continuous variables. Incidence rates and survival analyses were conducted in SEER Ã Stat and SAS version 9.4 (SAS Institute, Cary, NC).
Results
KS incidence
From 2000 to 2013, 4455 cases of KS in men younger than 55 years were reported in the SEER database (Table 1) . Among cases younger than age 55, 2954 (%) occurred in the West, which includes the largest portion of the general population covered by SEER (Table 1) . Fig 1 shows the decline of overall KS incidence from 2001-2013. To evaluate the potential overlapping effects of race and geographic region, we further evaluated KS incidence in AA men in the South (Fig 4) . In this group, KS incidence significantly increased from 5.3 per 100,000 person-years in 2000 to 5.8 per 100,000 person-years in 2013 (2000-2013 APC +3Á00, p = 0Á03). Conversely, the incidence in AA men in regions other than the South (i.e., the West, Northeast, and Midwest combined) significantly decreased from 5.9 per 100,000 person-years in 2000 to 2.3 per 100 000 person-years in 2013 (2000-2013 APC -6.12, p = 0Á03). In the South, KS incidence in men of races other than AA demonstrated a non-significant decrease over time (2000-2013 APC -2.37, p = 0.10). Significant decreases in https://doi.org/10.1371/journal.pone.0182750.g002 We also conducted a sensitivity analysis evaluating the trends of each of the age groups including those over 55 years, which showed no significant decrease in KS incidence in the over 55 age group by year in contrast to significant changes in all the other age groups (see S1  Fig) . With regards to age in the main analysis cohort, KS incidence decreased in the 40-54-year-old age group, KS incidence decreased from 1. 
KS survival
Median follow-up time following KS diagnosis was 4.6 years. Table 2 shows multivariable regression models for overall and CSS. AA race compared to White race (aHR 1.49, 95% CI 1.30-1.72), as well as living in the South compared to living in the West (aHR 1.26, 95% CI 1.07-1.48) were associated with higher CSS.
Five year cancer specific survival curves were significantly different (P<0.0001) by race ( Fig  5) . Five year KS cancer-specific survival for AA men was (63.3%), compared with white men (75.5%) and men of other races (74.0%). AA men in the South had lower 5-year overall survival (61.1%) compared to AA men in other regions (64.9%) or men of any other races in any region (Fig 6) .
Discussion
Our findings demonstrate that KS disproportionately affects African Americans, particularly those living in the Southern U.S. This study suggests that the prior reports of the declining KS incidence in the U.S., likely as a result of ART access for HIV-infected individuals, are not evenly distributed across the U.S. population. Populations experiencing the most significant decline in KS incidence are specifically in the Western and Northeastern regions of the U.S. These declines are consistent with declining estimated AIDS incidence in these regions, however, the South continues to have the largest burden of incident AIDS diagnoses, with even a slight increase in incidence in 2013 (S1 Table) . In addition, we found that although KS incidence has decreased in non-African Americans groups more broadly across all areas of the U.S., the KS incidence rates for AA nationally has generally been stable between 2000 and 2013, AA in the South experienced a significant increase in KS incidence rates from 2000-2013. In fact, in 2013, the KS incidence rate among AA men in the South was nearly 6 times higher than that of men of all other races in the South (5.8 versus 1.0 per 100,000 person-years, respectively).
Geographic disparities in HIV incidence, prevention and care have been previously documented. In particular, the South has the highest numbers of incident AIDS diagnoses (see S1 Table) , highest prevalence of AIDS cases, and most AIDS deaths in the United States [10, 25] . AA in the South also appear to be uniquely affected by KS as evidenced by the significant decline in KS incidence experienced by all other racial groups in the South during that same time period. Thus, it is likely that the differences in KS incidence and mortality may be the result of a confluence of factors related to increasing HIV prevalence, healthcare access, socioeconomic inequality, and possibly HHV-8 epidemiology [26] [27] [28] . Furthermore, we found that AA men diagnosed with KS had significantly higher rates of KS cancer specific and all-cause mortality when compared with their white counterparts. Of note, ART has been highly associated with improved survival associated with KS, and thus our findings may be associated with differences in rate ART receipt among AA men in the South [29] . Our findings are consistent with evidence that show AA with HIV have higher all-cause mortality rates compared to other individuals with HIV [30] . In addition, we found that the KS cancer specific 5-year survivals of AA men in the South is lower than all other groups, demonstrating that for AA men with KS and HIV, particularly AA men in the South, KS remains an important cause of death.
In this analysis, we were unable to evaluate the effects of HHV-8 prevalence on differences in KS incidence by geographic region. HHV-8 infection is necessary but insufficient on its own for the development of KS, and HHV-8 prevalence in the United States varies [31] . Studies conducted in the pre-ART/early ART eras found that HHV-8 prevalence is highest among MSM and is positively associated with the number of lifetime sexual partners [32] . HHV-8 prevalence among US MSM remains high in recent estimates, with seroconversion commonly demonstrated in white MSM before the age of 30 [33] . Additionally, a meta-analysis of worldwide HIV and HHV-8 coinfection found HIV-positive MSM the most likely to be co-infected of all groups studied (OR 3.95, 95% CI 2.92-5.35) [34] . Of note, there are very few studies of HHV-8 prevalence in AAs, and our findings suggest that an improved understanding of HHV-8 seroprevalence and transmission in young AA men in the South, and among MSM of color in particular is needed. Our study has some other limitations. Because the SEER registry does not include HIV status, we considered patients with KS who were younger than 55 years at the time of diagnosis to have AIDS-related KS. With this classification, we are not able to specifically evaluate incidence and outcomes for AIDS-related KS in individuals aged 55 years or older by race and region because of limited sample size. However, based on previous validation studies, approximately 94% of cases will be associated with HIV [16] . In addition, individuals with transplant-related KS may also have been included; however, the incidence of transplant related KS remains low [3] . In addition, because of the geographic grouping of SEER sites, the geographic region of the South in our study only consists of two sites (Kentucky, and Georgia), a small percentage of the Southern population. Similarly, the majority of cases were reported from the West, which may have biased the results, however, in spite of the disproportionate number of cases reported in each of the regions, we had enough power to detect trends in the South. Indeed, our findings may be an under-estimate KS incidence rates in the South, given that some of the Southern states with areas of the highest HIV incidence are not included in this particular SEER analysis. Finally, because of limitations in the SEER data we were not able to evaluate the importance of certain KS-associated factors, including HHV-8 seroprevalence, sexual orientation, socioeconomic data, and treatment.
In conclusion, our results indicate widening disparities in KS incidence and survival between AA men and men of other groups in the US, particularly in the Southern U.S. KS morbidity and mortality remain important problems for racial and geographic subsets of the U.S. population. Further research is urgently needed to identify and address the causes of the increasing racial and geographic inequalities in AIDS-related KS disease burden and outcomes.
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